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Technological developments over the last two centuries have advanced the spinal 
surgeon's capability to service the needs of the spinal cord injured person. While 
the role that surgery can play in shortening hospitalization for tetraplegics has 
yet to be proven, it does play a much needed role in the correction of instability 
and prevention of deformity when the possibility of these conditions exist. 
Surgical intervention for purposes of neural decompression has yet to be proven 
as justifiable in view of the risks involved. All surgical procedures must be 
undertaken only after due consideration of the patients' general medical 
condition, including coexisting trauma, the potential for and actual instability 
and deformity of the spine, and the neurological level and degree of incomplete
ness of the patient. In general, the greater the remaining neurological function, 
the more there is to be gained by early mobilization. Yet, in the face of 
progressive improvement in neurological function, caution is advised since there 
will be much to lose if anything goes wrong with the operation. 
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Historical perspective 

Management of an injury involving the 
spine and spinal cord has yet to evolve to a 
point where one set of treatment strategies 
has been clearly proven to surpass all 
others. Historically, we know from the 
Edwin Smith papyrus that from approxi
mately 2500 BC and onwards for the next 
4000 plus years it was regarded as an ailment 
not to be treated.l Disagreements over the 
effectiveness of the surgeon's contribution 
to this admittedly difficult to treat malady 
began to take shape in Great Britain during 
the early nineteenth century when the 
nonoperative treatment advocated by Sir 
Charles Bell2 was challenged by the surgical 
school led by Sir Astley Cooper. 3 Cooper 
and his followers felt that, since at that time 
death was virtually inevitable in most cases 
without surgical intervention, there was 
little to lose by trying to improve matters by 
an operation. The conservative school, led 
by Bell, argued that this merely increased 

the risk of death and threatened any poten
tial spontaneous recovery. 

Several extremely important events oc
curred in the nineteenth and early twentieth 
centuries that affected the practice of sur
gery in general and consequently advanced 
the position that if surgery indeed had 
something to offer the spinal cord injured 
(SCI) person, that operation could now be 
carried out more safely and with less risk of 
morbidity and mortality. These events oc
curred in several fields. In the field of 
microbiology, Louis Pasteur advanced the 
germ theory of disease and demonstrated 
sterilization by pasteurization as well as by 
boiling;4.s Ignas Semmelweis made some 
astute observations regarding the transmis
sion of disease by the physician'S hands;6 
Lister promoted the concept of antisepsis 
and applied it to surgery by using carbolic 
acid applied to surgical dressings and also 
used it to cleanse instruments thus affording 
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a reasonable expectation of primary wound 
healing and recovery;7 Robert Koch proved 
beyond a doubt that microbes cause disease 
and had to be eliminated from the surgical 
field to assure the prevention of infection;8 
Halstead introduced the rubber operating 
glove;9 Schimmelbusch introduced steam 
sterilization;9 and Alexander Fleming dis
covered penicillin which paved the way for 
the antibiotic era.6,10 In the field of anesthe
sia, important developments included the 
use of ether by W T G Morton and 
chloroform by John Snow-an achievement 
first called 'anesthesia' by Oliver Wendel 
Holmes-and the use of intravenous anes
thesia by Ore. Both finally permitted com
plete freedom from pain during surgery. 11 In 
the field of hematology, the discovery of the 
ABO blood groups by Landsteiner in 1901 
unraveled the mystery of transfusion reac
tions to some degree. Later, Landsteiner 
and Wiener discovered the Rh system which 
further reduced the likelihood of incompati
bility. When sodium citrate was introduced 
as an anticoagulant for stored blood in 1914 
and when better means for blood collection 
and storage at blood banks became avail
able after World War II, the safety of spinal 
surgery was greatly enhanced. 12 

Toward the end of the nineteenth cen
tury, Conrad Roentgen discovered the x-ray 
and this provided the spinal surgeon and all 
of medical science with a method of imaging 
internal structures including the spine 
thereby advancing diagnostic and thera
peutic methodologies of spinal disorders. 13 
After World War I, myelography became 
available ,14 followed by computer aided 
tomography (CT) scanning6,15 and magnetic 
resonance imaging (MRI). 16,17 These three 
developments were pivotal in allowing all 
physicians treating trauma and disease of 
the spine and spinal cord to access the state 
of the art that we have today for imaging 
these two structures. CT can detail abnor
malities of the bone far better than plain 
films; MRI can illustrate the soft tissues 
including the spinal cord, vessels, and discs; 
while myelography with newer water solu
ble contrast materials provides valuable 
information about the neural canal/spinal 
cord relationships. 

Despite all of these advances that have 
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made surgery of the spine and spinal cord 
far safer, the controversy started by Cooper 
and Bell continues to this day as to whether 
it should be done for this group of patients. 
During the post war era, Sir Ludwig Gutt
mann IS advocated virtually exclusive con
servative management and his philosophy 
gradually spread and held sway throughout 
much of the world, being accepted, albeit 
sometimes with modification, by many 
physicians in Australia, Europe, Asia and 
Africa.19-22 However, even as influential a 
figure as Guttmann did not go completely 
unchallenged, even in his own adopted 
country.23 In North America, both the 
conservative and surgical schools were rep
resented. In 1960 Donald Munro strongly 
discouraged operative intervention for cerv
ical injuries particularly in the form of 
surgical fusion.24 But there were many 
others who advocated the contrary, particu
larly Cloward25-28 and impetus for the sur
gical approach soon gained momentum, 
particularly in the thoracolumbar and lum
bar spine, after Harrington introduced his 
system of distraction and compression rods 
and hooks for the treatment of scoliosis.29 
Many orthopedic surgeons were quick to see 
the utility of this system for the treatment 
of other conditions, particularly fracture
dislocations of the thoracolumbar spine,lS.30 
particularly since this afforded a far more 
durable internal fixation than the then 
existing metal implants, applied to the 
spinous processes.31 Many variations on this 
theme soon followed including the spring 
loaded 'dynamic spine alloplasty' which 
maintained a continuous force in extension 
to the spine;32 the segmental spinal in
strumentation, employing posterior rods af
fixed to the spine by sublaminar wires;33 and 
the rods and hooks system of Cotrel and 
Dubousset with or without pedicle screws.34 
Pedicle screws as a primary means for 
maintaining stability of the lumbar spine 
have recently gained wide acceptance 
among spine surgeons both in the Amer
icas35-37 and in Europe. 38-40 They offer the 
advantage of internally immobilizing a short 
vertebral distance (usually three vertebrae) 
while still assuring stability. 

Thus at this juncture, in the last decade 
of this century, we find that advances in 
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technology have improved the outlook of 
spinal surgery remarkably . Yet we are still 
faced with the question when evaluating 
each injured person, whether it is in that 
individual's best interest to undergo a sur
gical procedure. Recently the arguments 
both pro and con have centered around 
issues of: cost containment i.e. shorter 
hospital stays, assurance of stability, correc
tion of deformity and enhancement of 
neurological recovery. It is worth examining 
each claim in the light of what experience 
and the literature has to offer. 

Length of hospitalization 

The literature reveals contrary reports on 
how surgery affects the length of hospital
ization in SCI patients particularly as per
tains to tetraplegia. Most articles just con
tain the authors' impressions. Among those 
that actually measured this parameter, Cot
ler41 and Murphy42 report that the length of 
total hospitalization in a surgically fused 
group was shorter; Munro24 and Tator43 
report no difference between operated and 
nonoperated groups. In a recent study by 
the author, 113 tetraplegic patients (65 
managed conservatively and 48 managed 
surgically) were followed closely for 1 year 
post injury and even though the operated 
patients as a whole had a 10% shorter stay, 
this did not reach statistical significance. 44.45 

With respect to paraplegics, the issue 
seems a little clearer. When the lengths of 
stay of surgically and nonsurgically managed 
paraplegic patients were compared by 
Davies,46 surgical stabilization was clearly 
shown to be associated with shorter hospi
talizations. This study suffered from the fact 
that it compared two groups from different 
spinal cord centers, in different countries, 
with different health care systems . Yet the 
difference in total (acute care plus rehabili
tation) length of stay was reduced by one 
third in the operated group.46. 47 Willen et at 
also compared paraplegics with thoraco
lumbar injuries treated conservatively 
against those who underwent Harrington 
instrumentation and fusion and in this ad
mittedly small sample, treated in Sweden, 
found a 25% reduction in total hospitaliza
tion in the operated group compared to a 

conservatively managed group.48 Time to 
reach maximum 'rehabilitation potential' 
was also claimed by Jacobs to have been 
reduced in a group treated with Harrington 
rods and fusion compared to a group 
managed conservatively.49 Nevertheless, 
Sumaya et at recently reported a shorter 
length of stay among a nonoperated group 
of paraplegics compared to an operated 
group treated in a rehabilitation hospital in 
Japan.50 

Paraplegics in general have fewer patho
physiological changes such as orthostatic 
hypotension and impaired respiratory func
tion to overcome than do tetraplegics and 
they have full use of their upper extremities 
so that they can usually progress through 
their rehabilitation faster if the period of 
obligatory bed confinement can be short
ened.51 Tetraplegic patients, on the other 
hand, are more autonomically and somatic
ally impaired. More time for adjustments, 
particularly to cardiovascular and respira
tory changes, must be made and special care 
must be taken to prevent complications, 
particularly of the respiratory system. In the 
author's experience, attempts made at 
shortening the total hospitalization of tetra
plegic patients by allowing early mobiliza
tion either via surgical intervention or via 
externally applied orthoses have not been 
impressive simply because of this obligatory 
adjustment period and because the need for 
external bracing impedes the attainment of 
independence in certain self care and mobil
ity goals even if the patient is allowed out of 
bed before the typical 6 weeks needed for 
conservative healing of cervical fractures 
(Table Ia). 

Stability and deformity 

Instability and deformity comprise the 
biomechanical aspects of spinal cord injury 
that must concern all who treat this prob
lem. Munro has stated 'the stability of the 
spine depends on its ligaments and espe
cially on the intervertebral discs and the 
common spinal ligaments'. 52 Instability in
herently means a condition that allows 
abnormal movement to occur between ad
jacent vertebrae. More precise definitions 
have been offered by White et at who 
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Table I (cont) 

Classification 

(a) Cervical (cont) 
Extension 

(b) Thoracolumbar 
Flexion with 
distraction 
(and rotation) 

Compression 

Mechanism 

Rupture of anterior 
longitudinal ligament 
and annulus fibrosus. 
Posterior ligaments 
unaffected 

Longitudinal and 
rotational forces 
across posterior 
ligament complex 
with complete 
rupture Annulus 
fibrosus resists forces 
better than vertebral 
body which shears 

Vertebral end plates 
fractured & nucleus 
of disc is forced into 
vertebral body which 
explodes 

X-ray findings 

Tear drop fracture 
anteriorly. Separation 
of anterior disc space 

Fracture of one or 
both articular 
processes. Upper 
vertebra pulls off top 
slice of lower 
vertebra. Separation 
of spinous processes 

'Burst fixation' 

Stability 

Stable in flexion 

Very unstable 

Stable 

Comments 

Usually reduces 
spontaneously - may 
be difficult to 
evaluate on x-rays 
Often associated 
with degenerative 
changes 

May appear reduced 
on x-ray (patient 
supine and pelvis in 
line) 

Expect spontaneous 
fusion because of 
bone disruption 

Treatment 

Collar with neck in 
flexion x 8-12 wks 

Conservative 
Closed reduction 
then bed rest X 

12 wks, then OOB 
with jacket x 12 wks 
Surgical 
ORIF then if 
complete OOB 
w /jacket x 12 wks, if 
incomplete, OOB 
with jacket x 24 
weeks 

Conservative 
Bed rest x 4-6 wks, 
if complete, OOB 
with jacket x 6 wks, 
if incomplete, 12 
weeks 
Surgical 
ORIF, OOB with 
support x 12 weeks 
if complete, 24 
weeks i f  incomplete 
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proposed measurements of angulation and 
displacement beyond which failure of the 
bony and/or ligamentous structures would 
OCCUr.53 He then defined the term 'clinical 
instability' to mean 'the loss of the ability of 
the spine under physiological loads to main
tain relationships between vertebrae in such 
a way that there is neither damage nor 
subsequent irritation to the spinal cord or 
nerve roots and, in addition, no develop
ment of deformity with excessive pain'. 54 
This definition includes the concept of early 
instability, i.e. unacceptable movement be
tween vertebrae during the acute period 
that might result in nonunion or mal-union 
or neural compromise, as well as that of late 
instability, i.e. progressive changes in align
ment that may result in deformity and 
neurological deterioration. Holdsworth and 
Denis independently expressed instability in 
terms of 'theories of columns'. Holdsworth 
regarded the spine as a two column struc
ture (posterior and anterior) and main
tained that failure of the 'posterior ligament 
complex' would allow sufficient abnormal 
movement to permit nonunion, deformity 
or further neurological impairment. 55 Denis 
represented the spine as a three column 
structure and, like Holdsworth, classified 
different types of fractures but explained 
them on the basis of failure of one or more 
columns. He was less precise in his defini
tion of instability but considered it in terms 
of three 'degrees' .56.57 Sir George Bedbrook 
advised that on the basis of his own anatom
ical dissections if, in the mortuary, one 
proceeds to transect the ligaments between 
two adjacent vertebrae in a posterior
anterior direction, '(a) the division of the 
posterior interspinous ligament does not 
interfere with the stability of the vertebral 
column, (b) the division of the ligamentum 
flavum still does not interfere with the 
immediate stability of the vertebral column, 
( c) the interarticular facetal joints and their 
capsule, if disrupted, do not interfere with 
stability, (d) it is not until the disc is cleanly 
divided by a sharp knife that the spinal 
column begins to show some potential in
stability, (e) it is not until the anterior 
longitudinal ligament is stripped (but not 
necessarily divided) that the vertebral col
umn then becomes potentially unstable 
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under the influence of stress'. 58 Whitesides' 
statement that a stable spine is one that can 
withstand stress without incurring progress
ive deformity or further neurological dam
age is helpful in defining late instabilityS9 but 
still leaves the clinician to make the deduc
tion after viewing all the radiographic and 
clinical information as to what the potential 
for abnormal movement may be, based on 
the information described by the above 
authors. 

It is generally held that a lesion is poten
tially unstable if it exhibits failure of the 
posterior and middle columns described by 
Denis.56 Therefore for these lesions, during 
the acute period post injury, steps must be 
taken to guard against abnormal movement 
of the spine. This can be done in most cases 
by conservative or surgical means but the 
former must rely much more heavily on a 
trained, expert nursing staff. 19 Internal 
stabilization allows for earlier time out of 
bed and gives the surgeon some assurance 
that loss of reduction will not recur during 
turns in bed, to say nothing of transfers.60 
However, even fractures that are inherently 
stable such as burst fractures or those that 
are purely compression-flexion in type, if 
managed conservatively will require ade
quate time for healing before mobilization 
from bed and will require adequate external 
support (Table la, b). Cheshire reported an 
incidence of late instability of 7.5% of all 
cases treated conservatively.61 This was in 
agreement with Bedbrook who reported an 
incidence of late instability between 5 and 
10% in a multicenter study. 20 In the 
author's recent study of conservatively and 
surgically managed cervical injuries, at 3 
months post injury the nonoperated group 
had a higher incidence of instability but 
most of these showed minimal instabilitv 
(1-5 degrees change of angulation and/o
J
r 

1-2 mm change in displacement) on flex
ion/extension plain radiographs according 
to criteria modified from White et al.53 Yet 
these all became stable just with main
tenance in a soft cervical collar for an 
additional 3 months. Five other un operated 
patients with greater than 5 degrees change 
in angulation or greater than 2 mm change 
in displacement were offered late fusion and 
two accepted. At 12 months, the difference 

between the operated and nonoperated 
groups with respect to instability did not 
reach significance (p < 0.05) even though 
only the conservative patients were repre
sented at this juncture. Interestingly, all of 
the patients with either greater than 5 
degrees of change of angulation or more 
than 2 mm of change in displacement sus
tained their injuries from a flexion-distrac
tion mechanism where the posterior liga
ment complex was disrupted. One fourth of 
the patients with this mechanism of injury 
became moderately or markedly unstable.45 
Similarly, in the same study, the surgical 
group on average had more anatomical 
restoration and therefore less deformity 
although the extent of deformity was in all 
but two cases considered acceptable and of 
no functional consequence. 

Instability and the risk of incurring subse
quent deformity is an issue of even greater 
concern for paraplegics with thoracolumbar 
or lumbar injuries. The reasons for this 
include: the greater length of time required 
for spontaneous fusion that will satisfy 
White's54 criteria for clinical stability (Table 
1 b); the greater forces acting on the lower 
parts of the spinal column imposed by 
gravity and muscular action; the absence of 
supporting structures, i.e. ribs; and the 
impairment imposed by the loss of lumbar 
lordosis when assuming the standing pos
ture. Proponents of conservative treatment 
of injuries to this region have generally 
allowed at least 2-3 months of recumbency 
before permitting sitting or standing activi
ties.19,20,48,62 Despite this, the incidence of 
deformity has been reported to be higher 
and reduction less often anatomical49,62 yet 
more flexibility is preserved. 50 Flexion de
formity of the lumbar spine is a critical issue 
for the neurological levels of L1 and below. 
Standing in knee-ankle-foot orthoses 
(KAFOs) becomes practical at these levels 
but only if the lumbar lordosis is preserved. 
A kyphosis of even 10 degrees can make this 
difficult since the patient will not be able to 
place his center of gravity behind the flex
ion/extension axis of rotation of the hips.63 
Finally, in this region of the spine, the risk 
of deformity is increased because the weight 
bearing load through the damaged verte
brae is greater than it would be through the 
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neck (in a cervical injury) and larger and 
stronger muscles than found in the neck, eg 
the iliopsoas, quadratus lumborum and 
muscles originating from the pelvis, can 
create deforming forces on the fracture 
when they contract. 

From a biomechanical standpoint, it 
would seem there is a greater need for near 
anatomical reduction and a need to hold 
that reduction securely in thoracolumbar 
and lumbar injuries while at the same time 
immobilizing as short a number of adjacent 
vertebrae as possible so that maximum 
flexibility can be retained. On the other 
hand, thoracic injuries are usually inher
ently stable and like cervical injuries can 
'tolerate' a somewhat greater deformity 
without compromising function. 

One overriding caveat that should be 
emphasized is the point that laminectomy 
following trauma, when performed without 
an accompanying stabilization procedure for 
purposes of decompression, does not en
hance neurological recovery and exposes 
the spine to the risks of instability and 
deformity and even further neurological 
loss. 64-66 

Neurological recovery 

One further issue bearing on the decision to 
operate in the acute period is whether any 
operation can cause, encourage or hasten 
neurological recovery. This point has been 
hotly debated on both sides, mostly on the 
basis of each author's personal experi
ence.19.58,67-71 Few studies have been done 
that actually compare evenly matched 
groups and none have been done under 
optimal conditions, i.e. prospective, ran
domly assigned, controlled studies. 

A greater contribution in this area ap
pears to have been made however in the 
area of pharmacological management. 
Braken et al have reported that IV admini
stration of methylprednisolone, begun 
within the first 8 hours post injury, can 
result in some neurological recovery in 
both complete and incomplete patients.72 
Geisler has reported similar salutary effects 
on a smaller sample using a ganglioside 
(GM-l).73 
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Young & Dexter reported slightly greater 
recovery among patients managed entirely 
conservatively at Stoke Mandeville Hospital 
in England compared to a mixed group in 
Phoenix some of whom were treated opera
tively and others nonoperatively. 74 Davies et 
al46 also compared patients from two differ
ent institutions with thoracolumbar injuries 
but found no difference in the amount of 
neurological recovery among operated and 
nonoperated groups. Similarly, no differ
ence in neurological outcome was found by 
most authors who have studied matched 
groups in the same institution.42-45.4R.69.71 
Bose has taken exception to this however 
for patients with central cord syndromes, 
claiming better motor recovery in a group 
who underwent surgical procedures that 
were not described.75 While most of these 
studies conclude that operative intervention 
by experienced surgeons does not aggravate 
the spinal cord injury,76 no procedure thus 
far devised has been subjected to the rigor
ous examination similar to that which was 
done for methylprednisolone and found to 
be superior to other operative procedures or 
to none at all. 

Although some investigators feel that 
neural damage is in fact caused by bony 
damage or dislocation,67 it is important to 
remember that spinal cord injury can occur 
even in the absence of bony damage, 
particularly in older age groups, as has been 
pointed out by Hardy. 77 

Intimately involved in the discussion of 
neurological improvement is the issue of 
displacement of bone or disc material into 
the neural canal producing a traumatic 
stenosis. There is considerable argument 
today over whether such stenosis or 
narrowing of the neural canal, if allowed 
to persist, does in fact impede recovery. 
Opinions are divided along similar lines as 
described above because proponents of sur
gery often rate 'decompression,' ie restora
tion of the neural canal, as an important 
reason for operating in the first place. In 
some of the studies directed at this issue, 
where recovery was correlated with the 
extent of stenosis, no direct correlation 
could be found by some authors71.78-83 while 
others have stated the opposite.84,s5 Dall & 
Stauffer were able to conclude after a study 
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of 14 patients with TI2 or LI burst fractures 
that while no correlation could be found 
between neurological recovery and neural 
canal compromise nor method of manage
ment, they did note a more favorable 
prognosis in those patients with kyphosis 
less than 15 degrees.79 

In the author's series, described in part 
above, no statistically significant difference 
could be found between comparable groups 
managed with and without operative fusion 
with respect to neurological recovery at 3, 6 
and 12 months post injury and no correla
tion could be made between the extent of 
post traumatic stenosis and neurological 
recovery in either group.45 

Suggested guidelines regarding operative 
intervention 

Based on information extant on the subject 
of early management of SCI, it is recognized 
that shortening the length of hospitalization, 
ensuring stability and preventing deformity, 
and optimizing chances of neural recovery 
are all desirable things. Some guidelines 
seem appropriate as to whether these goals 
should be pursued with or without surgery. 
At least five factors are involved: (1) the 
general medical condition, (2) the potential 
for instability, (3) the degree of deformity 
present, (4) the degree of incompleteness of 
the lesion, and (5) the level of the lesion. 

General medical condition 
The general medical condition will be the 
first factor to limit or expand the options 
available. The victim of poly trauma is more 
likely to require life saving procedures and 
support systems that preclude early mobil
ization. 

Instability 
The thoracolumbar junction, the lumbar 
spine and the midcervical region are the 
areas at greatest risk of being unstable while 
the thoracic spine is the most inherently 
stable section due to the support offered by 
the rib cage.86 The potential for instability 
can usually be inferred from the x-ray 
appearance. While instability can in simple 

terms be regarded as abnormal movement 
across the injury area, instability is also a 
relative term. Some lesions may be unstable 
in the supine position and move abnormally 
when the patient is turned on to his or her 
side. Others may be quite stable in the 
supine position, with or without external 
support such as tongs and traction, jackets 
or collars, but may be unstable in the 
upright position even with a collar or jacket. 
Most injuries however do not have such 
complete ligamentous disruption that they 
are unstable even in the supine position, but 
it seems logical to consider surgical inter
vention with internal stabilization in these 
patients since they will primarily be the 
ones with severe ligamentous disruption. 
However, for those that are likely to be 
unstable only when the body is subjected to 
the forces of gravity, i.e. when sitting (or 
standing), surgical intervention need be 
considered only if sitting is permitted by the 
medical condition. It seems logical in that 
instance to perform the surgery well before 
sufficient time passes for spontaneous ade
quate bony healing to ensure stability any
way. The time required to ensure such 
spontaneous healing varies with the location 
and the mechanism of injury. In general, 6 
weeks are required for the cervical region 
and 8-10 weeks for the lumbar region 
(Table I). Patients may be allowed out of 
bed after this time wearing external support. 
X-rays taken in the upright position while 
wearing the collar or jacket will disclose 
whether the force of gravity creates any 
instability. If so, then further time must be 
allowed for healing or surgical intervention 
should be considered. Most cervical injuries 
will require an additional 6 weeks and 
lumbar injuries an additional 2-4 months in 
external support before the injury is healed 
sufficiently to withstand the forces of full 
muscle action across the injured area. X
rays taken after the passage of that amount 
of time, with all support removed in both 
the flexed and extended positions while 
sitting, will disclose whether such forces 
create abnormal movement. If so, then in 
most cases further healing will not occur and 
surgical stabilization should be considered. 
Only a small percentage of the cases man
aged conservatively will demonstrate this 
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'late instability', but those showing a mech
anism of flexion with distraction are the 
most vulnerable. 19,45.61 

Deformity 
The presence of deformity, i.e. angulation 
or displacement seen on the initial x-rays, 
will also influence the need for surgery. 
Alignment does not have to be restored to 
an anatomical position in order for an 
acceptable, functional result to be obtained. 
particularly in the cervical and thoracic 
spine. However, where angulation exceeds 
30 degrees and displacement exceeds one 
half the width of the vertebral body, a 
significant deformity will likely result if 
no attempt is made to reduce the fracture
dislocation acutely. This can be done closed 
or open. Closed reduction is more often 
employed in injuries to the cervical spine 
than elsewhere, although it can be used in 
the lumbar spine as well.63 Failure of closed 
reduction warrants open reduction. The 
surgical reduction, in turn, must usually be 
'held' by some form of metallic device such 
as wire in the cervical region or metallic 
devices as described above in the thoraco
lumbar and lumbar regions. The decision to 
fuse anteriorly or posteriorly depends upon 
several factors, but most importantly on 
the mechanism of injury and whether the 
majority of the damage is to the anterior or 
to the posterior elements. Since most liga
mentous disruption is caused by flexion 
injuries, damaging the posterior elements 
and ligaments, instrumentation and fusion 
posteriorly is performed more commonly 
posteriorly and is reported to carry less risk 
of complications than anterior fusionY 

Completeness of lesion 
In general, thoracic lesions are more likely 
to be complete and lumbar injuries are 
more likely to be incomplete. Cervical 
and thoracolumbar lesions occur about 
equally.86 As a rule, the more incomplete 
the injury, i.e. the lesser the neurological 
deficit, the more one may justify early 
mobilization. The mildest cases may require 
little or no rehabilitation; these patients can 
be discharged from the acute care hospital 
directly home providing they are stable and 
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without significant deformity. Therefore if 
no contraindications exist, a surgical pro
cedure and/or the application of a rigid 
nonremovable orthosis, e.g. a halo vest, 
should be considered for very incomplete 
patients to enhance early mobilization. 
However when a patient with an incomplete 
injury is showing progressive neurological 
recovery, caution must be advised since 
nothing must be done that might arrest this 
process. It would be safer to wait until 
recovery has stabilized. Patients with com
plete lesions or those with sensory sparing 
only, particularly tetraplegics and high 
paraplegics, have the pathophysiological 
changes mentioned earlier in their respira
tory and circulatory systems that will often 
preclude rapid mobilization, thereby mak
ing the case for surgery less compelling. In 
fact, as long as they receive the necessary 
expert nursing care and physical and occu
pational therapy, very little time is lost when 
the 6 weeks of 'down time' is used to 
enhance healing, nutrition, and strength in 
preparation for the added stress imposed by 
sitting. 

Level of lesion 
A better case for early mobilization can be 
made for lower paraplegics with injuries to 
the thoracolumbar or lumbar spine. Surgical 
stabilization can be better justified even in 
those cases with minimal potential for 
instability because, as noted above, the 
cardiovascular and respiratory changes are 
less problematic, these patients have more 
residual function, and the weight bearing 
load across the fracture site demands a 
longer period of bed rest if treated conser
vatively. Operative treatment of the frac
ture can often result in a better anatomical 
alignment which, as noted above, is more 
important in those with lumbar injuries 
since these patients will frequently have 
sufficient residual function enabling them to 
walk with braces. In the presence of weak or 
absent gluteal muscles, the preservation of 
the normal lumbar lordosis will make ambu
lation much easier. 

Using these five parameters, a rational 
decision can usually be made about how to 
proceed with managing the spinal cord 
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injured patient. It is important to remember 
that surgery is not required for bones to 
heal, nor necessary to reduce or hold a 
fracture in alignment, since reduction can 
sometimes be accomplished using closed 
techniques. However, when the potential 
for instability seems significant enough, 
when the likelihood of poor compliance by 
the patient is a concern, and when a 
significant deformity will probably result if 
healing occurs in the position seen on the 
initial x-rays, then surgery should certainly 
be considered to correct the problem, pro
viding the patient's general health permits. 
Surgery is particularly indicated if the de
gree of incompleteness or the level of lesion 
permits early mobilization. With these indi
cations Dickson also recommends internal 
stabilization in special circumstances, i. e. 
the patient with spinal injuries at multiple 
levels, the patient requiring surgery on the 
viscera and the patient with concomitant 
serious head injuries if their injuries are 
considered potentially unstable. 88 

None of the above guidelines, it will be 
noted, deal with the consideration of en
hancing neural recovery. In the author's 
opinion, it has yet to be proven that 
pursuing this goal in the absence of other 
indications is worth the risk of the compli
cations and the possible deterioration of 
neural function from surgery. Although 
Denis et al89 described how neurological 
deterioration can occur following conserva
tive management, the possibility of neuro
logical loss following surgical management 
has been well documented by Marshall et at 
who describe a 5% occurrence of neuro-
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